The recovery incidence and antibiotic resistance pattern of Escherichia coli, Shigella and Salmonella species in water from 15 different wells located in Iwo, Osun state, were investigated in an effort to determine the potential health risks associated with the consumption of the water. Each well water sample was separately initially cultured in a non-selective pre-enrichment broth for 24 hours, and subsequently, subcultured on sterile Eosin Methylene Blue (EMB) agar for Escherichia coli and Salmonella-Shigella agar for Salmonella and Shigella species, using the pour-plate technique and the microbial counts recorded. With the aid of the disc diffusion method, 0.5 McFarland of each target organism was screened on Mueller-Hinton agar for antibiotic susceptibility profile. Results showed a recovery incidence of E. coli (87%), Salmonella species (80%) and Shigella species (100%). was observed while the microbial counts for E. coli, Shigella and Salmonella species Elutade et al.; JAMB, 15(2): 1-7, 2019; Article no.JAMB.46987 2 differed significantly in each of the wells sampled. Antibiotic sensitivity profile observed showed 100% isolates of E. coli and Salmonella spp were resistant to augmentin. There were also presence of multi-antibiotic resistance strains with 66.67% of the E. coli isolates resistant to the combinations of cefixime, augmentin and nitrofuration, It is suggested that simple hygienic practice, such as regular disinfection of the wells with chemicals, boiling and filtration of water before drinking would eliminate not only the prevalence of these pathogens but also the spread of both antibiotic and multi-antibiotic resistance traits in the consumed water, hence making it safe for the health of the humans in the study population.
INTRODUCTION
Safe drinking water is a basic human requirement, sustaining life and essential for sustainable development [1] . Water is in increasingly constant need of, due to high rates of population growth and urbanization, even though, its increased demand for drinking, domestic, agricultural and industrial purposes are not proportionate with water availability, hence, posing a significant risk in maintaining acceptable water quality [2, 3] .
In many developing countries including Nigeria, treated water availability is limited and inadequate for the teeming population, thus an increasing number of people in semi-urban and urban areas in Nigeria depend on dug wells and water vendors for water supply [4] . Ground water represents an important source of drinking water and constitutes the largest source of dug well water [5] , with water from wells being historically thought to be free of pathogenic microbes for reasons of the natural filtrating ability of the subsurface environment and distance a microbe would have to travel to reach the groundwater source [6] . The availability and purity of ground water are affected by the location, construction and operation of the wells [7] . It is often assumed that natural, uncontaminated water from deep wells is clean and healthy, and is usually true with regards to bacteriological composition. The drinking qualities of dug well water are largely dependent on the concentration of biological, chemical and physical contaminants as much as environmental and human activities in such respects [8] .
Groundwater (well water) represents the basic source of drinking water for most homes in Iwo, Osun state. There is little information on the microbial safety of this water, from this locality, as drinking water to the humane populace. This research is aimed at establishing the recovery of Escherichia coli, Salmonella and Shigella isolates from well water in Iwo, Osun state, Nigeria, to determine the antibiogram pattern of the same isolates and to proffer the potential health risks which may be associated with the consumption of the water. It is believed that the information gathered would provide local authorities basis for water health policy decisions.
MATERIALS AND METHODS

Collection of Samples
A total of 15 well water samples were collected randomly from different wells located near residences in Iwo town, Osun State. Nigeria, between February and March, 2018. Each well water sample was collected using a clean water drawer, 200 ml of which was transferred into sterile plastic bottles with covers, capped and taken to the laboratory within one hour after collection.
Isolation and Characterization of Target Organisms
All samples were analyzed within six hours after collection. In the laboratory, 1 ml of each well water sample was inoculated in a non-selective primary enrichment test-tube broth containing 9 ml of sterile Maximum Recovery Diluent (MRD) using a sterile syringe. [MRD contained 1 g bacteriological peptone, 8.5 g NaCl per litre of water]. The tube was capped, its content mixed thoroughly and incubated at 37˚C for 24 hours. Afterwards, through appropriate serial dilution of the incubated enrichment broth, 0.5 ml of the final diluent was pour-plated into sterile agar plates containing Salmonella-Shigella agar (SSA) for the isolation of Salmonella and Shigella species and Eosin Methylene Blue (EMB) agar for the isolation of Escherichia coli. Pour-plating was carried out in duplicates for each well water sample. All the plates were incubated at 37˚C for 24 hours. Bacterial colony growths on the different agar used were determined using a colony counter. The bacterial isolates from the water samples were characterized on the basis of their colonial morphology, staining, pigmentation, microscopy and biochemical tests. The biochemical tests, as described by Brown [9] and Arora and Arora [10] , were utilized; these included Gram staining, catalase, indole, citrate utilization tests, starch hydrolysis, methyl red, Voges Prokauer tests, motility and sugar fermentation tests. All the obtained isolates were identified using conventional biochemical identification keys as described in Bergey's Manual of Systematic Bacteriology [11] .
Antibiotic Sensitivity Test
The single disc diffusion method was used to examine the susceptibility pattern of the bacterial isolates. The antibiotics utilized were ceftzidime (30 μg), cefuroxime (30 μg), gentamycin (10 μg), cefixime (5 μg), ofloxacine (5 μg), augmentin (30 μg), nitrofurantion (30 μg) and ciprofloxacin (5 μg). A 0.5 McFarland turbidity standard of each isolate was streaked uniformly on separate Mueller Hinton agar plates using sterile cotton swab and the antibiotic disc placed and pressed firmly down on the surface of the agar. The plates were incubated for 24 hours at 37˚C. The zones of inhibition produced were measured (in millimeters) using a ruler and the values interpreted according to the Clinical and Laboratory Standard Institute [12] .
Statistical Analysis
The International Business Machines Corporation (IBM) SPSS Statistics 20 software was used to carry out analysis of variance (ANOVA) in order to compare the significance of mean differences (P≤0.05) between Escherichia coli, Shigella spp. and Salmonella spp counts obtained from each well and also for a particular pathogen count among the different wells sampled.
RESULTS AND DISCUSSION
A total of 38 bacterial isolates were obtained from 15 well-water samples collected during the study. Out of these 13, 15 and 10 of these isolates were morphologically and biochemically characterized and identified as Escherichia coli, Shigella spp. and Salmonella spp., respectively. Table 1 expressed the mean microbial counts and the ANOVA obtained from each well.
Shigella spp, Salmonella spp. and Escherichia coli counts differed significantly in all the wells sampled. This implies that the sources of bacterial pollution differ from one well to the other. Such sources could include the use of unhygienic bucket and rope to fetch water from deep wells as well as the citing of refuse dumps for domestic wastes which may impair groundwater quality unless there is an impermeable stratum between the disposal area and the groundwater table [13, 14] . The ANOVA of Shigella spp, Salmonella spp. and Escherichia coli counts obtained in all the wells are shown in Tables 2, 3 and 4, respectively.
The counts for each specific pathogen assayed in the study differed significantly across all the wells sampled. This suggests variation in source and frequency of contamination by a particular pathogen as well as the survival ability of the pathogen in the water environment. Abiotic factors including dissolved organic, inorganic and sunlight as well as biotic factors like a combination of predation by protozoan and bacteria, bacteriophage lysis and competition with autochthonous microbes have been known to determine the survival capacities of different enteric bacteria in water [15] . In the study, Escherichia coli, Shigella spp. and Salmonella spp., had an occurrence of 87%, 100% and 67%, respectively (Table 5 ).
This report differs from the findings of a 6.5% low incidence of Salmonella spp. in well water samples from Ghana [16] . Also, out of the twenty-six bacterial isolates from surface waters in South Eastern Nigeria, an occurrence of 23.1%, 11.5% and 3.8% in Escherichia coli, Shigella and Salmonella spp was observed [17] . [6] . The incidence of Escherichia coli, Shigella spp. and Salmonella spp in the water samples could be as a result of contamination by human or animal faeces [20] . Generally, the traditional latrine is practiced in the community and these could contribute to the contamination of wells. Furthermore, it could be that in the study area, the soil bedrocks of the wells may not be well packed or the well casings not properly installed, hence, adding to the free passage of polluted waters [21] . It is envisaged the use of this water with foods and fruits could result in unintentional bacterial crosscontamination of these products. Water pollution caused by fecal contamination is a serious problem due to its potential for contracting disease from pathogens. Ingestion of water contaminated with faeces is responsible for a variety of diseases capable of inflicting debilitating illnesses and in some cases death [22].
Antibiotic Resistance
Salmonella species and Escherichia coli were both 100% resistant to augmentin while Shigella spp were 90.50% resistant to the same antibiotic ( Table 6 ).
The reports of E. coli isolated from well waters in Afikpo, Southern Eastern Nigeria, in which 100% of these isolates were resistant to Gentamycin [17] differed from this observation. Furthermore, E. coli from well water in Leon, Nicaragua exhibited 3% resistance to augmentin [23] . Also, 32.99% of E. coli isolates from various water sources, including well water, in Ghana, were resistant to penicillin [24] . Antibiotic assay of E. coli using the antibiotic penicillin was not determined in this study. This study has indicated high level of E. coli, Salmonella and Shigella spp resistance to cefuroxime and cefixime which are, respectively, second and third generation cephalosporins commonly used against Gram negative bacteria. High levels of resistance to cefuroxime (91.7%) and cefixime (67.7%) by bacterial isolates, including Salmonella and Shigella spp., from borehole water used in schools in Greater Giyani Municipality, Mopani district, South Africa, has been reported [25] .
Ofloxacin and ciprofloxacin are quinolones which are the drugs of choice treatment for Salmonella infections [26] . However, the observation of some measure of E. coli, Salmonella and Shigella spp resistance to ciprofloxacin could indicate an emergence of bacterial resistance to this group of antibiotics. The implication could be the beginning of a limited treatment option, in the study area.
The multidrug resistance pattern of E. coli, Salmonella and Shigella spp isolated from the well water are shown in Tables 7, 8 and 9, respectively. (Table 7) while Salmonella spp. had the highest multi antibiotic resistance of 64.71% to cefuroxime, cefixime and augmentin (Table 8 ). Shigella spp. had the highest multi antibiotic resistance of 42.86% to cefixime, augmentin and nitrofurantoin (Table 9) . Multiple antibiotic resistant organisms may develop as a result of neglecting the dosage instructions or usage of the antibiotic when it is not necessary, that is the misuse and overuse of antibiotics thereby reducing or having no effect on the multi antibiotic resistant organism. Presence of Multiple antibiotic resistant organisms make treatment with available antibiotic more difficult. . It is suggested that simple hygienic practice, such as regular disinfection of the wells with chemicals, boiling and filtration of water before drinking are some of the measures which can be taken to reduce not only the prevalence of these pathogens, but also the spread of both antibiotic and multiple antibiotic resistance traits in the study population.
CONCLUSION
This study has shown that well waters from Iwo, Osun State, Nigeria, contain varied quantities of Escherichia coli, Shigella spp and Salmonella spp whose microbial counts differ significantly in each well. The microbial count for each pathogen also differed significantly across all the wells studied. The prevalence of E. coli, Shigella spp and Salmonella spp recovery was 87%, 100% and 67%, respectively, and the presence of these pathogens in the well waters poses a potential health risk to the populace, when consumed. The pathogens isolated, further, displayed antibiotic and multiple antibiotic resistance, implying an onset of a limited treatment option with antibiotics in the area.
